In 1923, Gamble, Ross, and Tisdall' pointed out that, since a parallelism exists between the movement of base and of water in the body, balance of base can serve as an index of the amount of water which moves with it. Since potassium is the predominant intracellular and sodiuim the chief extracellular base, it was suggested that the net balance of these ions measures changes in the water content of the respective compartments. The method of calculation did not take into account balances of calcium and magnesium nor of shifts of water in response to changes in osmotic forces. It was assumed th.at all of the sodium and potassium of the body existed in ionized form in simple solution, or at least that any existing in some other state iremained segregated and unchanged in amount. The existence of osmotically inactive base which can vary in amount would necessarily invalidate this assumption and possibly the entire method of calculation.
Harrison, Darrow, and Yannet,10 that the sum of the concentrations of sodium and potassium is significantly higher in cell water than in interstitial water. There is evidence in the tissue studies of Yannet and Darrow20 and of Mellors, Muntwyler, and Mautz"4 that this portion of inactive base may change. Observed variations in the volume of the intracellular phase were 30 to 40 per cent less than those predicted if osmotic equilibrium following changes in extracellular base concentration were attained by transfers of water alone.
Practically, variation in the amount of inactive base in the intact subject can be detected only through experiments in which unusually large net transfers of water and of both extracellular and intracellular base take place. Experiments in this laboratory with dogs4 7 8 11, 19 and with human subjects"7 following a variety of experimental procedures fulfill these conditions. This paper compares water and base balances in the entire series of experiments in the hope of supplying definitive evidence concerning the validity of the hypothesis of Gamble, Ross, and Tisdall. It is based on an analysis of 95 separate periods in 30 dogs and of 27 periods in 6 human volunteers.
Results: Total base and total water balances The data were analyzed in two different ways. The first analysis compares total base* balances with total water balances, irrespective of phase distribution; the second analysis compares balances of intracellular base with those of intracellular water.
The Gamble hypothesis conceives of the entire body water as one continuous phase in which sodium and potassium are present in solution. Any negative balance of base must, therefore, be associated either with some diminution in the volume of body water, or with a decline of the concentration of base throughout; any positive balance with an expansion in volume 'of water or with an increase in concentration of base. The predicted balance of base (bbB) may be formulated in algebraic terms:
where [B] 1 and [B]2 represent the initial and final concentrations * "Total base" is used in two senses. In referring to balance data, it means "sodium plus potassium," while in referring to concentration in serum water it represents sodium plus 10 milliequivalents per liter.
of active base in body fluids, and W1 and W2 the initial and final volumes, respectively, -of the entire body water. This equation assumes, of course, complete osmotic equilibrium throughout the body water. The predicted balance of base may, therefore, be calculated from these four measurements and compared with the observed base balance, bNa+K.
In addition to the ibasic general assumption that the concentration of active base is everywhere the same, it is assumed specifically: (1), that W1 is equivalent to 65 per cent of the initial body weight; (2) , that AW, the change in total body water, equals the change in total weight corrected for solids lost and for water formed from the combustion of foodstuffs; (3) , that [B] 1 equals the number of milliequivalents of sodium per liter in serum water multiplied by a Donnan factor of 0.95, plus 10; and (4) that A[B], the change in concentration of active base, is reflected exactly in the change in concentration of sodium in serum water, times 0.95.
The predicted base balance, bB, was calculated in this way in all of our experiments, and compared with the experimental base balance, bNa+K (Fig. 1) nearly all major types of experimental conditions. These discrepancies were therefore not peculiarly associated either with addition or subtraction of base or water, or with increase or decrease in base concentration.
The discrepancies in Figure 1 ance accounts for only two of the twenty-seven discrepancies in man; most of the discrepancies would be resolved only by a loss of base two to seven times as great.
(B) Calculation -of predicted base balace (bB).
(1) Errors in the estimation of total body water and its changes. As the change in concentration is the difference between two determinations, a maximum possible error of + 4 milliequivalents per liter was allowed. This will account for a greater proportion (one-half to three-quarters) of the discrepancies than any other source of error. In those periods in which it fails to account for the discrepancy an error at least twice as great would be required (Fig. 2c) . (b) Complete equilibrium of active base in all body fluids is assumed in the calculation of bB. This is in all probability true, since five-sixths of the experiments lasted 24 hours or longer. This should have allowed ample time for equilibrium to have been attained. However, if equilibrium had not been reached, the probable direction of a concentration gradient can be predicted from the experimental conditions. For example, in experiments in which hypertonic saline was given intravenously, the concentration of base in serum will tend at first to exceed that elsewhere. Although in some instances the presence of a gradient in a certain direction might well explain the discrepancies between bB and bNa+K, in others it would only exaggerate them. In over twothirds of the cases the discrepancies could not be explained by any probable concentration gradient. human experiments. By exclusion, therefore, these differences can only arise from inactivation of base with consequent distortion of b8, the predicted base balance calculated on the assumption that no such inactivation takes place. This conclusion is supported by similar results obtained from a comparison of the balance of intracellular base and the balance of intracellular water, which indicate that the intracellular portion of body base is involved in this inactivation.
Results: Intracellular water and intracellular base Intracellular water can be estimated by two methods, one independent of changes in intracellular base and the other closely dependent upon them. The details of calculation by both methods have been described in previous papers.7 ' 8 In the first, or independent method, the change in intracellular water (Ail) is obtained by the difference between AW, the change in total body water and AE, the change in extracellular volume: Figure 4 these two sets of differences are plotted against one another for each period. The good correlation suggests a common origin. Discussion This analysis has yielded additional evidence that a part of the base in cell fluid exists in an osmotically inactive form, and that this fraction may vary rapidly in amount. Whether this inactive base is widespread or is localized in some particular tissue is unknown. The substance to which this intracellular base is joined has not been identified. Information concerning the physical state of cellular anions is so incomplete that any hypothesis, such as the formation of a weakly ionized combination between base and proteins, must be entirely speculative. Balances of calcium and magnresium were not determined in our experiments, although these substances are present within certain cells and must contribute to the total osmotic activity. Darrow and Yannet,5 however, made such analyses in one of their experimenits with salt depletion which was very similar to our own, and found that the -balances were so small as to be osmotically insignificant.
In most of our experiments the difference between the two base balances, bB -bNa+K, was negative, so that base was apparently being In general, no attempt was made to restore protein and other foodstuffs, potassium, magnesium, and other intracellular elements which were being continually destroyed or excreted. It is only necessary to assume tha;t normally the amount of inactive base in cells is small, to account for the relative infrequency of activation in this group of experiments. Careful studies during the entire process of cellular reconstitution are needed in order to settle this question.
The validity of measurements of cell water through base balances must be evaluated in the light of these findings. Fortunately the uncertainty revealed by this analysis is not large enough to prevent the use of the method, providing the absolute change in intracellular volume is large in relation to the possible error. As a practical matter, measurement by difference between total and extracellular water changes (AI,) is generally to be preferred in all experiments lasting only a short time. Under these conditions the method has its greatest accuracy and is free from the difficulties inherent in measurements by base balance (AI,,). On the other hand, in experiments lasting many days the accuracy of the difference method diminishes as a result of the uncertainty in the measurement of metabolic water. Under these circumstances the base balance method may well be more dependable. Only by a close analysis of the particular experiment can the method of greater reliability be selected. Summary 1. Certain observations in the past have suggested the existence in cells of base which is osmotically inactive.
2. Comparison of movements of sodium and potassium with those of water in a large series of experiments, in dog and man, tends to confirm this suggestion.
3. This fraction of cell base can vary rapidly in amount during experiments which change body water and electrolytes.
4. These observations necessitate critical evaluation of methods of measurement of changes in volume of cell water which depend on balances of cell base.
